The Linearized Augmented Plane Wave method, as implemented in the Wien2k computational code, was used to investigate the effects of the 3d transition metals (TM) Sc, Ti, and V impurities on the hyperfine interaction of iron atoms in α-Fe. The calculation results of this study suggest that the introduction of a TM (TM = Sc, Ti, and V) impurity into α-Fe increases the size of the lattice as well as alters the electronic charge distribution between the atoms in the lattice and at the atomic sphere of the host Fe atoms. The increase of the lattice disturbs the position of the iron atoms and the change on the electronic distribution disturbs the hyperfine interactions at all iron nuclei. The disturbances on the hyperfine magnetic field, isomer shift and electric field gradient at the iron nuclei depend on its relative location to the impurity atom.
Introduction
Iron and iron-based alloys are of great importance for a variety of technological applications. Nowadays, iron alloys with transition metals (TM) play a fundamental role for designing and manufacturing specialty steels, some of them are strong candidates to structural materials for both fission and fusion applications due to their good tolerance to strong neutron irradiation 1 . At room temperature and atmospheric pressure, pure iron is found in the form of α-Fe with a bodycentered cubic (bcc) structure and magnetic ground state of ferromagnetic character 2 . The magnetic anisotropy of α-Fe is very low, with easy magnetization axes parallel to (100) direction and the magnetic moment for iron atoms is well localized. The internal hyperfine field on the iron nucleus originates mainly due to the Fermi contact interaction, once for cubic symmetry and neglecting spin-orbit interaction the dipolar and orbital contribution vanishes 3 . The electric field gradient vanishes on the iron nuclei due to the cubic symmetry.
The fundamental properties of iron can be drastically modified by the addition of impurities. The nature and magnitude of the changes in the iron properties are sensitive to the electronic character of the alloying element, to their concentration, and to the alloy manufacturing process. In fact, the substitution of Fe atoms by an impurity into Fe matrix can produce local lattice disturbance and modify the mechanical, electrical, and magnetic properties of host Fe 4 . Especially, the local magnetic behavior of Fe atoms is quite sensitive to the structural and chemical environment of the atoms. The addition of impurity atoms to α-Fe causes a disturbance of the electron spin and charge density in the interstitial regions of the lattice and at the atom sites. In turn, this disturbance can lead to changes in the hyperfine interactions at the iron nuclei. The changes in the hyperfine magnetic field, the isomer shift and the electric quadrupole interaction at the iron sites can be studied by experimental techniques as Mossbauer spectroscopy of 57 Fe [5] [6] [7] . From the point of view of magnetism the heavier 3d TM on the right side of the series, Fe, Co, and Ni are ferromagnetic, Cr and Mn in the center of the series are antiferromagnetic, whereas the lightest elements on the left-hand of the 3d series Sc, Ti and V, have nonmagnetic ground state. The alloying of 3d TM between themselves often gives rise to very interesting fundamental physical properties. For example, Fe-Ni alloy system shows several interesting effects, as Invar (alloys with very low values of the linear expansion temperature coefficient), and Permalloy (soft magnetic materials with a very high magnetic permeability), which attracted attention because of technological applications. Such alloys have been the subject of many theoretical and experimental investigations [8] [9] [10] [11] . Currently there are several manufacturing techniques for the preparation of alloy samples in bulk or nanosized structure, as well as in crystalline or amorphous form. This has promoted the design and research of new materials and related properties. Special interest has been devoted to the investigation of low-dimensional systems, as nanoparticles, surfaces, and multilayers, for the reason that their magnetic and electronic structures, differ from those of the bulk samples with equal chemical composition. The research on new materials has also stimulated theoretical and experimental studies of iron-based 3d TM alloys because of their variety of structural and magnetic properties and potential applications in high strength steels and suitability for high corrosion resistance. One of the first steps towards understanding the fundamental physical properties of these new materials is the prediction of the ground state properties via first principles studies. In this sense, ab-initio computational methods based on density functional theory (DFT) have proven to be useful tools for accurately modeling fundamental properties (i.e., formation and cohesive energies, magnetic moment and hyperfine interactions) of new materials 12 .
The iron-based alloys TM play an important role in steel production because many of the main characteristics of these steels are tailored by controlling the concentration of the alloying elements in the bcc-Fe matrix. In order to understand how the 3d transition elements provide different properties to the Fe-based alloys, having knowledge about the effect of these elements on the fundamental properties of α-Fe is essential. Although, a large number of theoretical studies concerning to the electronic structure and magnetic properties of dilute alloys of TM in α-Fe have been reported [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] , in a small number of these studies the atomistic simulation was based on the DFT. The DFT is one of the most important quantum-mechanical methods used in Chemistry and in Physic to calculate the electronic structure of atoms, molecules and solids
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. On the other hand, in most of the studies conducted in these types of dilute alloys, mainly those in which the impurities are early 3d TM, the bulk magnetic behavior of the alloys has been interpreted as a simple dilution process in which the three Fe nearest neighbors to the TM are dominant. It has not been given much attention to the effect of the TM impurity on the changes of the electronic properties of the farthest irons. Hence, the objective of this study was to investigate via first principles calculations based on DFT the effects of 3d TM (TM = Sc, Ti, and V) impurities on the ground state properties of α-Fe. Special care has been devoted to the effect of the impurity on the change of the charge and spin density of iron atoms occupying all nonequivalent structural sites.
Computational method and structure
The calculations were performed with the linearized augmented plane wave (LAPW) method in the DFT framework. The electron exchange and correlation energy were calculated using the Perdew, Burke and Ernzerhof 25 parametrization within the Generalized Gradient Approximation (PBE-GGA) 26 . The method was used as implemented in the Wien2k computational code 27 . Theoretical calculations were performed for α-Fe(TM) (TM = Sc, Ti, and V) alloys modeled with a 3x3x3 supercell constructed with a unit cell of body-centered cubic (bcc) type and space group (Figure 1 ). The supercell contains 54 atoms, one TM impurity is located at the body-centered position (½,½,½) of the supercell and is surrounded by 53 Fe atoms. The composition of the supercell (TM 1 Fe 53 ) corresponds to a concentration of 1.85 at. % of TM in α-Fe. The iron atoms are distributed in seven nonequivalent sites that will be identified as Fe1, Fe2, Fe3, Fe4, Fe5, Fe6, and Fe7, according to the iron localization at one of the seven sequential neighbor shells. The relative distance r' = r/a (normalized by a, the lattice parameter of the bcc unit cell) from the impurity to particular neighbor shell is given on Table 1 . In the LAPW method, the electronic wave function was expanded in spherical harmonics inside the non-overlapping spheres centered at each nuclear position and in plane waves in the interstitial region of the unit cell. The convergence was controlled by a cut-off parameter R mt K max , where R mt was the smallest atomic sphere radius and K max the plane wave cut-off. In the present work the R mt of particular atoms were set to conform to the criterion of almost-touching spheres: 2.31 a.u for Fe, and 2.26 a.u. for TM = Sc, Ti, and V, respectively. The cut-off parameter (R mt K max ) was fixed at -7 Ry. The wave functions within the atomic spheres are expanded in spherical harmonics with maximum multipolarity l max = 10. The charge density was Fourier expanded up to G max = 12. The Brillouin zone integrations were performed with the tetrahedron method in a grid (9 x 9 x 9) with 35 k-points. The theoretical calculations were performed in the non-magnetic (NM) and in ferromagnetic (FM) states and the self-consistency of the calculations was ascertained from the energy convergence criterion set to be 0.01 mRy.
Results and discussion

Ground state cohesive properties
The first principles calculations of the cohesive energy (E c ) as function of the cell volume, for the α-Fe(TM) (TM = Sc, Ti and V) alloys were performed by using the following equation:
where E T (i) is the total energy of the i atom (i = Fe, and TM) in bulk and at the ground state (0 K and 0 Pa), also calculated by first principles. Here it is assumed that E f is equal to the formation enthalpy. The negative sign of E f (Table 2) indicate the need to provide energy to form the alloy. The alloy that requires the smallest amount of energy for its formation is α-Fe(Sc).
The (E c vs. cell volume) curve was used to determine the ground state structural properties: lattice parameter a (relative to the bcc unit cell) and bulk modulus B, for each α-Fe(TM) (TM = Sc, Ti and V) alloy, Table 2 . The a value for α-Fe is in agreement with previous theoretical results reported by Rahman et. al.
11 and Błachowski et. al.
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, 2.83 Å, but is about 1 % lower than the experimental value, 2.867 Å 23 . As can be observed, the inclusion of the 3d TM impurity in α-Fe, leads to an increase of the lattice constant. The calculated bulk modulus (B) of α-Fe, 197.24 GPa is consistent with the theoretical value found by Hung et al 30 , 195 GPa, but it is about 17 % larger than the experimental value of 168 GPa 29 .
From Table 2 it is clear that B of α-Fe(TM) (TM = Sc, Ti, and V) is smaller than that of α-Fe. The present calculations properly estimate the lattice parameters of dilute alloys of TM (TM = Sc, Ti, and V) in iron, but slightly overestimate the bulk modulus.
Electronic properties
The total density of states (tDOS) for α-Fe(TM) (TM = Sc, Ti and V) alloys are depicted in Figure 2 Figure 3 . The spin-down density of states is the majority-spin electrons for all impurities. This fact implies that the TM impurities couple antiferromagnetically to the neighboring Fe atoms. The pDOS were also calculated at all nonequivalents iron sites for α-Fe(TM) (TM = Sc, Ti and V). The profile of these pDOS have the same shape, and only the pDOS for Fe1 atoms (the Fe nearest neighbor to TM) in α-Fe(TM) (TM = Sc, Ti and V) alloys are shown to illustrate in Figure 3 . As can be seen, the profiles of the pDOS for Fe1 atoms are very similar to that of α-Fe. This result indicates that the presence of the TM impurity at the first coordination shell of Fe1 atoms does not alter significantly the features of their distribution of states.
The electron density (ED) is useful for analyzing the distribution of the electron charge around the different atomic sites of the lattice. In Figure 4 are shown the corresponding
in this, E T is the total energy of the supercell and, E i correspond to the energy of each constituent i atom in its free state, both calculated from first principles. The determination of the magnetic ground state of each alloy was made by comparing the equilibrium (minimum) cohesive energy in the NM and FM states. From the cohesive energy point of view, all the alloys are more stable in the FM state (Table 2) . In comparison, calculations were performed also for α-Fe ( Table 2) . The E c value for α-Fe is in agreement with previous theoretical result: -6.5 eV/at 28 and -6.56 eV/at 29 . As it can be observed the E c values for α-Fe(TM) (TM = Sc, Ti and V) alloys are higher than α-Fe, consequently the stability of the iron increases by the introduction of a TM impurity. Table 2 . The ground state cohesive energy (E c ), formation energy (E f ), bulk modulus (B) and lattice constant (a) for α-Fe(TM) (TM = Sc, Ti and V α-Fe The formation energy (E f ) in the FM state was calculated as a function of pure elements (Fe, TM = Sc, Ti, and V) through the equation The Figure 4 shows that the ED at the core region of the iron atoms is perfectly symmetric and spherical. The isocurves (curves of constant charge density) indicate that the symmetry of the valence charge distribution of the iron atoms occupying the neighboring sites (Fe1, Fe2 and F3) to impurity is perturbed in relation to pure α-Fe. It is observed little modification in the valence charge distribution for the iron atom at Fe4 site. The isocurves also show that the inclusion of the TM impurity in α-Fe induces a pronounced redistribution of charge on the interstitial region of the lattice between the impurity and the iron atoms' nearest neighbors (Fe1, Fe2 and F3). conducting electrons by the atomic sphere of the TM impurity. The disturbance caused on the interstitial distribution of charge by the introduction of V in α-Fe (Figure 4(c) is lesser than that due to the introduction of Sc and Ti. These results suggest that the TM impurities are more electropositive than the host iron atoms. , respectively. The negative sign of these quantities is an indicative that the TM impurities couple antiferromagnetic to the host Fe atoms. This coupling can contribute to reduce the total magnetic moment per atom of α-Fe(TM) (TM = Sc, Ti and V) alloys relative to that of α-Fe. Since, Sc, Ti, and V are not magnetic in pure state it can be concluded that the local magnetic moment observed at the impurity site in bcc-Fe(TM) (TM = Sc, Ti and V) alloys is induced by the host Fe atoms. Figure 5 shows the calculated local magnetic moment at nonequivalent iron sites in α-Fe(TM) (TM = Sc, Ti and V) versus r' ( Table 1 ). The r' dependence of the m shows similar behavior for all α-Fe(TM) alloys. For Fe1 the presence of the TM impurity reduces the values of the m relative to that of pure α-Fe. This reduction is about 0.11 μ B for Sc and Ti, and of 0.03 μ B, for V. For the next nearest neighbors Fe2, Fe3 and Fe4, the value of the local magnetic moment varies slightly around 2.225 μ B . For Fe5 and Fe6 sites (iron sites located at fifth and sixth neighbor shells of TM) m shows a slight increase relative to pure α-Fe. The local magnetic moment at Fe7 site is also slightly perturbed, mainly for TM = Sc and Ti. , but is lower than the experimental value -339 kG 37 . As can be seen in the Figure 6(a) , the presence of the TM impurity leads to a large decrease of H hf in the Fe1 and Fe2 neighbors relative to that of α-Fe. It is noteworthy fact that the hyperfine magnetic field at Fe1 and Fe2 sites in α-Fe(TM) increases as the TM impurity is changed from V, to Ti, and to Sc, while the m at these iron sites increase in the following sequence: α-Fe(Sc), α-Fe(Ti), and α-Fe(V). For Fe3, Fe4, Fe5 and Fe6 neighbors, the presence of the TM impurity seems little affect the value of H hf . The hyperfine magnetic field at Fe7 site also appears to be influenced by the presence of the impurity.
Magnetic moment
Hyperfine interactions
The H hf at Sc, Ti, and V atoms in α-Fe(TM) are: -147.62 kG, -141.20 kG and -132.46 kG, respectively. These values are slightly larger than the experimental values -133 kG for Sc 38 , -122 kG for Ti 39 , and -88 kG for V 37 . The H hf acting on an iron nucleus, in the absence of an external field, can be expressed as a sum of three contributions: 
In this, γ N is the nuclear gyromagnetic ratio and Ψ ↑(0) and Ψ ↓(0) are the densities of the s electrons at the nucleus (r = 0) for up (↑) and down (↓) spins, respectively. The spin density arises partly from core electrons, partly from the conduction 4s electrons and indirectly as a result of the polarization effects on the filled s orbitals by unpaired d electrons. Then, H hf can be regarded as consisting of two contributions: H hf (core) representing the field due to polarization of the core (1s, 2s, 3s) electrons and H hf (val) representing the one due to the polarization of valence (4s, 3d, 4p) electrons.
H hf (core) and H hf (val) contributions to H hf at nonequivalent iron sites in α-Fe(TM) (TM = Sc, Ti and V) as function of r' are shown in Figure 6 (b) and 6(c). H hf (core) is the dominant contribution to H hf at all Fe sites. A linear correlation between H hf (core) and the local magnetic moments is observed at all Fe sites ( Figure 5 and Figure 6(b) . Similar to the Fe atoms in α-Fe, the H hf (core) of the TM in α-Fe(TM) alloys is antiparallel to the magnetic moment, i.e., a negative magnetic moment corresponding to a positive H hf (core) .
The H f (val) contributions to the Fermi contact field, consists of two parts: the self-polarization valence hyperfine field due to the s-d exchange interaction within the atom and the transferred valence hyperfine field which arises due to s-d hybridization between the s orbitals of the atom and the spin polarized d orbitals of the neighboring atoms. Despite the H hf (val) contribution to H hf be small, the magnitude of H hf (val) depends sensitively of the local atomic environment and provides important information about the electronic structure of neighboring atoms 42 . The profile of the curve H hf (val) vs r' (Figure 6(c) ) is similar to that of H hf vs r' (Figure 6(a) (val) is the dominant contribution to H hf for all TM in α-Fe(TM). As the TMs selected here have no magnetic moment in pure state this result indicates that there is a strong interaction between the distributed charge in the interstitial region of the lattice and the valence electrons of the TM atoms.
In order to better understand the charge distribution in α-Fe(TM) (TM = Sc, Ti and V) alloys additional calculations were performed to determine the isomer shift (IS). The origin of IS lies in the finite size of the nucleus. The electric monopole interaction between the nuclear charge and the electrons at the nucleus shifts nuclear energy levels without changing the degeneracy. This interaction arises due to the size effect of the nucleus during the excitation of the nucleus, the charge distribution and the effective radius change and therefore the shift of the energy levels of the ground state and excited state are different. This shift cannot be measured directly, thus a suitable reference such as a specific source or an absorber is necessary. To investigate the electron density at the Fe nucleus the IS, relative to the bcc-Fe, was calculated.
The Mössbauer spectroscopy is a powerful tool to study the IS. The IS is influenced by the oxidation state of the atom through the occupation number of the electronic orbital and can be calculated using the following expression:
where ρ n (0) is the electron density on the sample nucleus and ρ s (0) is the electronic density on the source nucleus. In this expression
where β is characteristic of the Mössbauer isotope. Although the magnitude β must be evaluated from nuclear calculations, the constant α can be estimated by calibration [43] [44] [45] and the IS, in mm/s, can be estimated through the results obtained from the first principles calculations.
The Figure 7 displays the isomer shift (IS) at all nonequivalent iron sites in α-Fe(TM) (TM = Sc, Ti and V) plotted versus r'. The calculated IS values at Fe1 and Fe2 sites are negative showing that these iron atoms experience a higher nuclear electron density than that in the α-Fe. For Fe atoms, the principal influence on the Fe isomer shift occurs through the outermost occupied s-orbital then a negative IS implies an increase in s-electron density at the nucleus. For iron sites located farther away from the impurity (Fe3-Fe7) the values of the IS increase positively indicating that the s-electron density at the iron nucleus decreases relative to α-Fe. The principal influence on the Fe isomer shift occurs through the outermost occupied s-orbital, but the 3d-electrons can also influence the nuclear electron density. The shielding of the s-orbital by other electrons (3d) increases the s-radial functions and decreases the s-density at the nucleus, causing a more positive IS. Hence, the difference observed in the isomer shift values among the nonequivalent iron sites can also indicate disturbance in the number of s-electron charge or in the shape of the spatial distribution of the 3d orbitals of the iron atoms (relatively to that in bcc-Fe).
To investigate the local site symmetry effect on the electronic structure of the iron atoms in α-Fe(TM) (TM = Sc, Ti and V), the electric field gradient (EFG) was calculated. The EFG is the negative second derivate of the potential at the probe nucleus of all surrounding electric charge. The Laplace equation requires the EFG to be traceless tensor. Consequently, only two independent parameters are needed to specify the EFG completely, and the two which are usually chosen are the component with the largest magnitude of the EFG (V zz ) and the asymmetry parameter η (0 ≤ η≤ 1) defined by the magnitude of V xx -V yy / V zz with |V zz | ≥|V yy | ≥|V xx |. In two special cases, when the probe nucleus is placed in an environment with cubic or axial symmetry, the number of parameters describing the EFG tensor can be reduced. In the first case, the EFG completely vanishes, and in the second one, η = 0, i.e. V xx = V yy.
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The EFG is an important ground state property of a solid and depends sensitively on the asymmetry of the electronic charge density near the probe nucleus in a crystal. It therefore embraces contributions from both the valence electrons of the atom and from surrounding atoms. Generally, the valence contribution is the main contribution to the EFG.
The EFG values for all nonequivalent iron sites in the crystal lattice of α-Fe(TM) (TM = Sc, Ti and V) are displayed in Figure 8 . The iron atoms located at the vertices of the supercell (Fe7) and the TM atom occupying the central position of the lattice have local cubic symmetry and consequently, zero EFG. The EFG value is larger for iron atoms nearest neighbors (Fe1 and Fe2) to TM, and decreases (but, EFG ≠0) for iron atoms at more distant sites (Figure 8 ). The r' dependence of the EFG shows an irregular behavior for all α-Fe(TM) (TM = Sc, Ti and V) alloys. The EFG has axial symmetry (η = 0) in the Fe1, Fe2, Fe5, and Fe6 sites in all the studied alloys. The asymmetry parameter values for Fe3 sites are 0.3, 0.49, and 0.38, and for Fe4 sites are 0.1, 0.41, and 0.74 for α-Fe(Sc), α-Fe(Ti) and α-Fe(V), respectively. As, for iron atoms the main contribution to the EFG comes from the valence electrons, the observed variation of the EFG values can be an indicative that at nonequivalent iron sites the electronic population of the 3d and 4s orbitals is different. Figure 9 shows the calculated total charge confined inside the atomic sphere at all nonequivalent iron sites for α-Fe(TM) (TM = Sc, Ti and V) alloys. As can be observed, the total charge of the iron atoms is increased upon introduction of the TM impurity in α-Fe. The increase of charge is relatively larger for iron atoms located at the nearest neighbors to TM impurity. The increase is of about 0.06 for the irons at the Fe1 sites, and is of about 0.04 for irons at Fe2 sites. For iron atoms at the next shells of neighbor (from 3 th till 7 th ), the increase of the total charge is less and depends on the impurity. The total charge at these sites also shows slight fluctuation of values, and the increase is of about 0.03, in α-Fe(V), 0.02 in α-Fe(Ti), and 0.01 in α-Fe(Sc). The charge inside the atomic sphere of Sc, Ti, and V is reduced in 1.656, 1.716, and 1.655, respectively, when going from the neutral atom to the supercell structure of α-Fe(TM) (TM = Sc, Ti and V) alloys. The increase of the total charge inside the atomic sphere of the iron atoms in α-Fe(TM) (TM = Sc, Ti and V) changes the number of 3d and 4s electrons (relative to bcc-Fe). The change in 3d electron density leads to variations on the magnetic moment of the iron atoms, and the fluctuations of the 4s electron density can to lead to changes on the isomer shift. The isomer shift measures the total s-electron density at the iron nucleus. However, the isomer shift value in compounds depends mainly upon the 3d configuration of iron involved, i.e. an increased 4s electron density increases the s density at the iron nucleus while an increased 3d electron density decreases due to enhanced shielding of the 3d electrons. On the other hand, the change in the magnetic moment of the iron atom affects directly the magnetic hyperfine field at the iron nucleus, as well as the change in the symmetry of charge density around the nucleus modifies the EFG. Hence, for iron atoms located at Fe1 and Fe2 sites, the relative decrease (with respect to α-Fe) of the H hf , H hf (core), and m, and the negative IS values can be attributed to an increase in the 4s electron density inside the atomic sphere. For iron atoms located from Fe3 to Fe7 sites the relative increase of the H hf , H hf (core), and m, and the positive IS values can be attributed to an increase in the 3d electron density.
The magnetic field in the iron atoms' nearest neighbors to TM increases, while for irons farthest from the location of the impurity, increases. The isomer shift at iron atoms near the impurity is more negative than that in α-Fe while for iron far from the impurity it is more positive. On the other hand, the EFG's value varies irregularly from one iron site to another, being larger for iron atoms nearest neighbors (Fe1 and Fe2), and decreasing for more distant iron atoms.
The results of this study suggest that the introduction of a TM (TM = Sc, Ti, and V) impurity into α-Fe increases the size of the crystal lattice as well as altering electronic charge distribution of host iron atoms. The increase of the lattice disturbs the position of the iron atoms and the change in the electron density disturbs the hyperfine interactions at all iron nuclei. Disturbances are larger for iron atoms near to impurity and diminish (but not disappear) for farthest irons. At the atomic level the magnetic behavior of the iron atoms in α-Fe(TM) (TM = Sc, Ti and V) alloys cannot be interpreted as a simple dilution process. 
Conclusion
The LAPW method, as implemented in the Wien2k computational code, was used to investigate the effect of impurities of 3d TM (Sc, Ti, and V) in the ground state properties of Fe atoms in α-Fe. Special attention was devoted to the electronic effect of the impurity on the change of the hyperfine interactions at the nuclei of the host iron atoms.
From the equilibrium cohesive energy point of view, all the α-Fe(TM) (TM = Sc, Ti and V) alloys are ferromagnetic, and the stability is slightly higher than that of pure α-Fe. The lattice constant of α-Fe slightly increases upon introduction of the TM impurities. The calculated density of states and local magnetic moment for TM = Sc, Ti and V (-0.289 μ B , -0.628 μ B , and -1.129 μ B , respectively) show that the TM impurities couple antiferromagnetic to the host Fe atoms. Since the TM = Sc, Ti, and V, are not magnetic in pure state concluding that the local magnetic moment is induced by the host Fe atoms. The antiferromagnetic coupling between the local magnetic moments of the TM and the iron atoms reduce the total magnetic moment per atom of the supercell (2.130 μ B /at, 2.129 μ B /at, and 2.138 μ B /at for α-Fe(Sc), α-Fe(Ti), and α-Fe(V), respectively) relative to that of α-Fe (2.22 μ B /at). The magnetic moments of iron atoms located at all nonequivalent sites also vary. For iron atoms nearest neighbors to TM the magnetic moment, decreases while for iron atoms located from Fe3 to Fe7 sites the moment increases. The electron density maps show that the introduction of the TM impurities in α-Fe induces a change on the symmetry of the valence charge distribution of the iron atoms occupying the nearest neighbors sites (Fe1, Fe2 and F3) to impurity. The isocurves also show a prominent redistribution of charge on the interstitial region between the TM impurity and the iron atoms nearest neighbors (Fe1, Fe2 and F3) . Furthermore, the calculated total charge indicates an increase on the number of charge in the atomic sphere of the irons atoms. The increase of the total charge inside the atomic sphere of iron atoms affects directly the hyperfine interactions at the iron nuclei.
